Introduction {#S0001}
============

The tonsils are the lymphatic tissue against pathogens entering through the oral and nasal cavity. This is achieved by their specialized crypt.[@CIT0001] Subsequent immune responses may result in tonsillitis and tonsil enlargement of varying severity, ranging from temporary narrowing of the oropharynx with accompanying tenderness to dysphagia, dyspnea, and sleeping breath disorder. Tonsillectomy is gold standard management to reduce the episodes of tonsillitis and obstructive symptoms.[@CIT0002]--[@CIT0005]

In addition, tonsillectomy is one of the most commonly performed procedures among children, according to the National Health Stat Report, published in 2017, 289,000 tonsillectomies were performed in children less than 15 years of age.[@CIT0006] Also, in Denmark, it is estimated that 6%--9% of persons under the age of 20 years underwent tonsillectomy.[@CIT0007] The most commonly known two causes for tonsillectomy are infection (recurrent tonsillitis, peritonsillar abscess, tonsillolithiasis, and pharyngotonsillitis), and sleep disordered breathing (primary snoring, obstructive sleep apnea syndrome (OSA)).[@CIT0008],[@CIT0009]

Many previous studies showed a significantly higher incidence of previous tonsillectomy and/or adenoidectomy in the parents and siblings of children undergoing tonsillectomy than in a control group.[@CIT0003],[@CIT0010]--[@CIT0012] Other authors have suggested that atopy is associated with a higher than normal incidence of upper respiratory tract infection, including tonsillitis.[@CIT0011],[@CIT0012]

This study uses a large case--control approach to investigate the influence of familial and environmental trends in tonsillectomy, and to understand the sex distribution for this procedure among Jordanian children. Our study also discusses the relation between childhood asthma and tonsillectomy.

Patients and Methods {#S0002}
====================

This study was conducted at King Abdullah University Hospital, a tertiary care center that is affiliated with the Jordan University of Science and Technology, located in northern Jordan. After obtaining the Institutional Review Board approval, we retrospectively identified those patients who underwent tonsillectomy between January 2015 and October 2018 (the case group) (This period of time represents the period where the documentation was done properly). The following information were obtained: demographics (age, sex), causes and indications for tonsillectomy, presence of asthma, maternal and paternal history of tonsillectomy, number of siblings with tonsillectomy, previous attendance to the daycares and the co-existence smoking in the family. In addition, a control group of participants attending the hospital as visitors who did not undergo tonsillectomy was collected and assessed for the same information.

The included case group comprised patients who underwent tonsillectomy as a single procedure or in combination with another procedure such as adenoidectomy and were in the age group from 1 to 14 years at the operation. Any case of malignancy was excluded. A control group of participants whose parents were attending the hospital as visitors and did not undergo tonsillectomy was collected and assessed for the same previously described information. We included the last child in the family alphabetically for randomization. The indications for tonsillectomy were classified into infectious causes (that include recurrent tonsillitis and peritonsillar abscess), sleeping breathing disorder (includes primary snoring and OSA) and other causes (such as febrile convulsion and dysphagia). Many patients had more than one indication. The medical status was assessed mainly for childhood asthma. Detailed family history was recorded from each patient along with the history of attending daycares within the period of tonsillectomy.Table 1Demographic Distribution and Clinical CharacteristicsPre- and Post-Operative VariablesNumberPercent (%)Mean ± SE**Sex** Male71257.8 Female52042.2**Case/Control** Case (with tonsillectomy)61549.9 Control (without tonsillectomy)61750.1**Age (y)**6.2 ± 0.1**Childhood asthma**665.4**Family smoking**75961.6**Daycare attendance**99280.6**Paternal history of tonsillectomy**967.8**Maternal history of tonsillectomy**988**Sibling history of tonsillectomy** One sibling21317.3 Two siblings534.3 Three siblings181.5 Four siblings10.1 Five siblings10.1**First-degree family history of tonsillectomy (in general)**37630.5**Clinical indication (out of case group)** Primary snoring23137.6 OSA18129.4 Recurrent tonsillitis41066.7 Other causes313.2[^1] Table 2Analysis of Factors Associated with TonsillectomyVariablesCases (with Tonsillectomy)\
N (% of Cases)Controls (without Tonsillectomy)\
N (% of Controls)*P*-value**Sex**0.007 Male377 (61.3)335 (54.3) Female238 (38.7)282 (45.7)**Childhood asthma**46 (7.5)20 (3.2)0.000**Family smoking**391 (63.6)368 (59.6)NS**Daycare attendance**558 (90.7)438 (70.3)0.000**Paternal history of tonsillectomy**83 (13.5)13 (2.1)0.000**Maternal history of tonsillectomy**73 (11.9)25 (4.1)0.000**Sibling history of tonsillectomy**0.000 One sibling173 (28.1)40 (6.5) ↑↑ Two siblings47 (7.6)6 (1.0) ↑ Three siblings18 (2.9)0 (0.0) ↑ Four siblings1 (0.2)0 (0.0) Five siblings1 (0.2)0 (0.0)**First-degree family history of tonsillectomy (in general)**298 (48.5)78 (12.6)0.000[^2]

The age group for the controls is within the period of two standard deviations from the mean age of the case group until the age of 14 (10--14 years). This was performed in order to reduce the possibility of young participants (below ten years) to undergoing tonsillectomy in the future. The same information was collected from the control participants.

Setting {#S0002-S2001}
-------

The decision to perform tonsillectomy along with the operation was made by consultant otorhinolaryngologists (ENT surgeons) who follow the same guidelines for the indication of tonsillectomy according to the American Academy of Otolaryngology--Head and Neck Surgery (AAO--HNS) Guidelines for tonsillectomy in children and adolescents.[@CIT0013] Information from case and control was collected blindly by senior otorhinolaryngologists residents from the patients themselves or from their parents. The asthma diagnosis was made by consultant pomologists in our institution.

Statistical Analysis {#S0002-S2002}
--------------------

Data were entered into a spreadsheet. Statistical analyses were performed using IBM SPSS Statistics Software (v.21), 2012. Data were presented as frequency distributions for categorical variables and mean ± standard error of the mean for continuous variables (age). Data was tested at a significance level of 0.05%. Pearson χ2 test was used to investigate the significance of association between categorical variables, while Student's *t*-test was applied to examine the significance level for continuous normally distributed variables. The normality of the distribution of data was tested using the Kolmogorov--Smirnov test. If a significant (*P*\<0.05) relationship was found, then a post hoc residual analysis for categorical variables was applied to determine the exact significance between groups for each variable. Binary logistic regression analysis was utilized to study the multiple effect of different variables. The sample size was calculated at the following assumptions: power of analysis of 90%, alpha value of 0.05 and beta value of 0.1, the anticipated incidence for family history was assumed as 15% and 5% for the case and control, respectively. The minimal size was 187 for each group.

Results {#S0003}
=======

Demographics and Patients' Characteristics ([Table 1](#T0001){ref-type="table"}) {#S0003-S2001}
--------------------------------------------------------------------------------

Out of 1,232 participants in this study, 615 underwent tonsillectomy (cases) and 617 did not (controls). Overall. 712 males (57.8%) and 520 (42.2%) females were included. The mean age for the total participants was 6.2 years, and 66 suffered from asthma. Smoking was present in 61.6% of families of participants. About 80% of participants attended daycares. Among patients with tonsillectomies, sleeping breath disorders constituted the most common indication of tonsillectomy as 412 (67%) patients suffered from primary snoring (37.6%) and OSA (29.4%). Recurrent tonsillitis and abscess were presented in 410 patients (66.7%). Other indications such as febrile convulsion was present among 31 patients. [Table 1](#T0001){ref-type="table"} summarizes the general characteristics of the studied sample.

Family History and Other Factors Affecting the Outcome {#S0003-S2002}
------------------------------------------------------

It was found that the presence of paternal history of tonsillectomy is significantly associated with the case group. Family history of paternal tonsillectomy was found in 13.5% of the cases but in only 2.1% of the control group (*P*=0.000). This is similar to the family history of maternal tonsillectomy where 11.9% of cases had a family history of maternal tonsillectomy but only 4.9% of the control group had the maternal history (*P*=0.000). Similarly, siblings with a history of tonsillectomy significantly affected the chance of tonsillectomy (61% of patients with tonsillectomy did not have sibling history in contrast to 92.5% of the control group). In addition, it was noticed that the presence of childhood asthmas is significantly associated with the case group. Asthma was present in 46 of the case group but only in 20 of the control group (*P*=0.000). Moreover, attending daycare houses was significantly related in the case group. Furthermore, interestingly, males underwent tonsillectomy significantly more than females (61.3% of patients with tonsillectomy were males). However, smoking did not exhibit any significant association, probably due to the high prevalence of smoking in both groups. In general, the presence of first-degree family history was associated significantly with tonsillectomy in the case group (48.5% of the case group vs 12.6% in the control group). [Table 2](#T0002){ref-type="table"} summarizes the comparative factors between the cases and controls.

For more detailed analyses, parents\' history of tonsillectomy was divided into paternal history, maternal history and combined maternal and paternal history [Figure 1](#F0001){ref-type="fig"}. It was revealed that 100% (7 out of 7) of patients had tonsillectomy when both the father and mother had undergone tonsillectomy. Regarding the paternal history, 85.4% of fathers who underwent tonsillectomy; their children will have tonsillectomy. Also, regarding the maternal history, 72.5% of offspring will have tonsillectomy if the mother underwent the procedure. After performing multiple regression analysis, it was found that history of asthma, maternal history of tonsillectomy, paternal history of tonsillectomy and attending daycare are independent factors affecting the case group. The presence of paternal and maternal history of tonsillectomy increase the like-hood of tonsillectomy by 5- and 2.5-fold, respectively. More importantly, the asthmatic history increases the chance of tonsillectomy by 24.5-fold. In addition, attending daycare increases the chance by 5-fold.Figure 1Parents history was divided into paternal, maternal history or both.

When analyzing the indications for tonsillectomy with the related factors, it was revealed that males had more recurrent tonsillitis and females underwent tonsillectomy due to OSA more than males. In addition, no relation was found between family history and the indications except for OSA which is more commonly present with patients with a sibling history of tonsillectomy.

Discussion {#S0004}
==========

In this study, several factors have been reported to influence the frequency of tonsillectomy between children, including the history of childhood asthma, parental history of tonsillectomy, daycare attendance and gender. On the other hand, parental smoking and sibling's history showed a low significance.

The most significant factor associated with tonsillectomy in this study was having asthma. Frequency of tonsillectomy in children with asthma was 24 times more than those without asthma. Studies about the influence of medical and social history in the incidence of tonsillectomy reported that family history of atopy increased the incidence of tonsillitis.[@CIT0011],[@CIT0012],[@CIT0014] Another study showed that many patients underwent tonsillectomy in order to relieve the signs and symptoms of asthma; however, its effect was temporary or even increased the severity of asthma.[@CIT0015]

In our study, parental tonsillectomy history has been reported to significantly increase the chance of tonsillectomy. Children with paternal tonsillectomy history were 5 times more likely to undergo tonsillectomy surgery than those without paternal history, while maternal history increased the risk by 3 times. Similar results were obtained in another study which showed that the incidence of tonsillectomy was increased when there was a parental history with a threefold difference when one parent is concerned and a fourfold when both parents underwent the operation.[@CIT0016] This result was explained previously by the similarities of the lifestyle and the environmental factors of parents and their children. Also, attitudinal factors of parents may also play a role, because parents who the benefitted from tonsillectomy, preferred their children to undergo this procedure earlier.[@CIT0014]

Regarding genetic role, Bager et al^3^ recently highlighted the role of genetic factors in tonsillectomy. They reported that genetic factors predispose to severe tonsillitis underlying tonsillectomy, regardless of age and sex. Immune responses to infections may be attributed to a degree of genetic control as demonstrated by the role of the CCR5 gene in controlling the acquired immunodeficiency syndrome and the role of the mannose-binding lectin gene in controlling effective responses to infant infections.[@CIT0003],[@CIT0017],[@CIT0018] Regarding tonsillitis infection, two studies indicate a considerable genetic component underlying recurrent tonsillitis and tonsillectomy.[@CIT0003],[@CIT0019],[@CIT0020] Another study conducted a genome-wide association study (GWAS) of tonsillectomy (\~3,000 cases) and identified and replicated an association between a genetic variant in the gene HORMAD2 and tonsillectomy.[@CIT0021]

The results of this study showed that the prevalence of tonsillectomy among males was higher than those of females. These results contrast with a study which took place in Denmark from 1980 to 2001, and reported that cumulative risk of tonsillectomy during the first 20 years of life for females is higher than those of males.[@CIT0007] Studying a wider age group may show different incidence among different age groups.

Participants who attend daycare are reported to be at higher risk of tonsillectomy, this may be attributed to the fact that children in the daycare are more prone to contagious infections which leads to recurrent tonsillitis. This result is in agreement with results in a study from the city São Paulo which suggested that nursery schools may represent a risk factor for colonization of oropharynx by *Streptococcus pyogenes*.[@CIT0022]

This study revealed that parental smoking was insignificantly related to tonsillectomy. This may be attributed to the high prevalence of smoking in approximately every house in Jordan.[@CIT0023] Studying passive smoking in the home environment may give more accurate results. A study of parental cigarette smoking and tonsillectomy in children reported that encouraging parents to stop smoking in the home environment will lead to a decrease in the incidence of tonsillitis and tonsillectomy.[@CIT0024]

One study stated that the indications for tonsillectomy were sleep apnea, 22.2%, followed by peritonsillar abscess, 14.8%, and sleep disordered breathing, 14.8%.[@CIT0025] The cause of tonsillar disease was associated with the age of the patient in that tonsillar hyperplasia was the most frequent cause in children younger than 10 years, while in teenagers the cause of tonsillar disease was most frequently related to abscesses and acute infections, and chronic tonsillitis was the most frequent in individuals older than 20 years.[@CIT0026] In this study, the most clinical indications were recurrent tonsillitis and sleeping problems.

This study may have a similar trend to previous studies. However, its relatively large sample size is a strong point. Also, it is the first study to report such a significant relationship in this region within our race. On the other hand, several limitations points are reported. First, it is a retrospective study that lacks the accuracy of the prospective studies. Second, tonsillectomies often follow trends through the decades, being performed very often at certain time points, and then more seldom in others. This cyclic nature may influence the results.

Conclusion {#S0005}
==========

Our results support the previous data about genetic predisposition factors for tonsillectomy and its underlying causative indications. Also, it highlights the importance of asthma control in children. Moreover, maintaining the infectious control practice in daycare units is crucial to reduce the transmission of infections. Moreover, the similarity of this study that was conducted in Jordan to other studies may indicate no role for ethnicity. Further studies and prospective research are recommended to understand how genes regulate the tonsils' immune response to infections and to understand the complex environmental, genetic and attitudinal factors influencing this common procedure.
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[^1]: **Abbreviations:** OSA, obstructive sleep apnea; SE, standard error.

[^2]: **Abbreviations:** N, number; NS, not significant.
